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Lepton number as a fourth color is the intriguing theoretical idea of the famous Pati-Salam (PS)
model. While in conventional PS models, the symmetry breaking scale and the mass of the resulting
vector leptoquark are stringently constrained by KL → µe and K → piµe, the scale can be lowered
to a few TeV by adding vector-like fermions. Furthermore, in this case, the intriguing hints for
lepton flavour universality violation in b → sµ+µ− and b → cτν processes can be addressed. Such
a setup is naturally achieved by implementing the PS gauge group in the five-dimensional Randall-
Sundrum background. The PS symmetry is broken by boundary conditions on the fifth dimension
and the resulting massive vector leptoquark automatically has the same mass scale as the vector-like
fermions and all other resonances. We consider the phenomenology of this model in the context
of the hints for lepton flavour universality violation in semileptonic B decays. Assuming flavour
alignment in the down sector we find that in b → s`+`− transitions the observed deviations from
the SM predictions (including R(K) and R(K∗)) can be explained with natural values for the free
parameters of the model. Even though we find sizable effects in R(D), R(D∗) and R(J/Ψ) one
cannot account for the current central values in the constrained setup of our minimal model due to
the stringent constraints from D − D¯ mixing and τ → 3µ.
PACS numbers:
I. INTRODUCTION
So far, the Large Hadron Collider (LHC) at CERN
did not directly observe any particles beyond the ones of
the Standard Model (SM) of particle physics. However,
we have accumulated intriguing hints for lepton flavor
universality (LFU) violation in semi-leptonic B decays
within recent years. Most prominently, there exist devi-
ations from the SM predictions in b→ sµ+µ− above the
5σ level [1] [71] and the combination of the ratios R(D)
and R(D∗) differs by 4.1σ from its SM prediction [2].
Furthermore, also R(J/Ψ) points towards the violation
of LFU in b → cτν processes [3]. This suggests a possi-
ble connection between these two classes of decays and
motivates the investigation of simultaneous explanations
[4–23].
In fact, the SU(2) singlet vector leptoquark (VLQ)
with hypercharge 2/3 is a natural candidate for a si-
multaneous explanation [5, 6, 9, 20]. It contributes to
b → sµ+µ− as well as to b → cτν and it does not cou-
ple down-quarks to neutrinos, avoiding the bounds from
B → K(∗)νν and is free of proton decay to all orders
in perturbation theory [24]. This allows for large flavour
violating effects and the bounds from direct searches [25]
and EW precision data [26, 27] can be avoided [17, 20].
Interestingly, this LQ appears in the theoretically very
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appealing Pati-Salam (PS) [28] model and several at-
tempts have been made in the literature to construct
a model addressing the flavour anomalies based on the
corresponding gauge symmetry [21–23, 29].
In conventional PS models, the bounds on the break-
ing scale from KL → µe and K → piµe are so strong
(at the PeV scale) [30, 31] that any other observable ef-
fect in flavour physics is ruled out. Nonetheless, if the
PS gauge symmetry is implemented in the 5D Randall-
Sundrum (RS) background [32], the mass scale of the
Kaluza-Klein (KK) resonances (including the VLQ) can
be much lower, i.e. in the few TeV range [72]. The
suppression of the lepton flavour violating kaon decays
can be achieved by introducing the SM fermions as zero
modes of bulk fermions [33] with their couplings to the
KK modes determined by their localization along the RS
bulk. Since the zero mode localizations are free parame-
ters, one can obtain the required non-trivial flavour struc-
ture in order to give interesting effects in b→ sµ+µ− and
b→ cτν transitions.
II. THE MODEL
Our starting point is a 5D RS space-time [32]
ds2 = e−2kyηµνdxµdxν − dy2 , 0 ≤ y ≤ piR (1)
with the PS [28] bulk gauge symmetry SU(4)×SU(2)L×
SU(2)R. The symmetry is broken to its SM subgroup
by means of boundary conditions on the UV brane.
Note that the unbroken U(1)Y is a linear combination
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2of U(1)B−L (contained in SU(4)) and U(1)R of SU(2)R.
Therefore, relaxing the assumption of a discrete left-right
symmetry, one can always account for the measured val-
ues of gY
As in the conventional PS model, the SM fermions are
embedded into complete representations of the PS gauge
group. In addition, they are introduced as bulk fields
in the RS background and the zero modes correspond to
the SM quarks and leptons. Their localizations are de-
termined by their 5D bulk masses [33], but can be altered
by the presence of brane-kinetic terms. Since on the UV
brane only the SM gauge symmetry is unbroken, the lo-
calizations of quarks and leptons of the same generation
can differ from each other [73]. The Higgs doublet is in-
troduced as a 4D field confined to the UV brane, hence
its couplings to the KK modes are strongly suppressed.
This choice ensures the compliance with electroweak pre-
cision constraints.
The 4D dual theory, according to the AdS/CFT cor-
respondence [34], is a composite model with a global PS
symmetry and KK modes corresponding to composite
resonances. The gauging of the SM subgroup explic-
itly breaks the global symmetry in the elementary sec-
tor. Hence, the SM fermions are partially composite due
to a linear mixing of the elementary fermions with com-
posite operators of the same quantum numbers. There-
fore, the simplified version of our model, according to the
deconstruction approach [35], contains composite vector
resonances of the SU(4) × SU(2)L × SU(2)R symmetry
group with common mass M , as well as three generations
of heavy vector-like quarks and leptons corresponding to
the first KK modes.
Concerning fermions we have three generations of chi-
ral (SM) fermions, the quark doublets qi, the lepton dou-
blets `i, the quark singlets di and ui as well as the lepton
singlet ei (and the right-handed neutrino which we do
not consider in the following as it is not relevant for our
discussion). In addition, we have the three generations of
vector-like fermions which we denote by the correspond-
ing capital letters. The mass terms for the fermion before
electroweak symmetry breaking read
LM = −MLij
(
Q¯Li Q
R
j + L¯
L
i L
R
j
)
−MRij
(
U¯Li U
R
j + D¯
L
i D
R
j + E¯
L
i E
R
j
)
−mqLij q¯iQRj −m`Lij ¯`iLRj (2)
−muRij U¯Li uj −mdRij D¯Li dj −m`Rij E¯Li ej + h.c. .
Here the superscripts L and R denote the chirality of the
vector-like fields. Note that Qi, Li, Ui, Di and Ei, are
embedded into complete representations under the PS
gauge group, enforcing equality of the respective mass
terms. Without loss of generality, we can work in a basis
where MLij and M
R
ij are diagonal in flavour space, and
to a good approximation, the masses of the composite
states are universal:
MLij ≈MRij ≈Mδij . (3)
For the terms mixing vector-like fermions with the SM
ones we assume for simplicity the absence of mixing with
the right-handed SM SU(2) singlets, i.e. mfRij = 0. In
RS models without brane-kinetic terms mfLij and M
L
ij are
diagonal in the same basis. Assuming that the brane-
kinetic terms are also diagonal in that basis, one can
write
mfL =
 Mf1 0 00 Mf2 0
0 0 Mf3
 . (4)
In the following, we will assume M1 to be zero or negli-
gibly small [74]. Therefore, the first generation is purely
elementary while the second and third generation of left-
handed SM quarks and leptons are partially compos-
ite. Since all terms are flavour diagonal the problem re-
duces to diagonalizing several 2× 2 matrices mixing SM
with vector-like fermions. For the quarks and leptons we
achieve this by the transformation(
f iL
F 1L
)
→
(
cfi −sfi
sfi c
f
i
)(
f iL
F iL
)
(5)
with i = 2, 3, f = q, `, F = Q,L, and sfi = sinα
f
i with
αfi = arctan
(
Mfi /M
)
. In order to maintain perturba-
tivity of the fundamental Yukawa couplings on the UV-
brane, we restrict all mixing angles to sfi ≤
√
3/2.
After EW symmetry breaking additional mass terms
for the fermions, originating from the Yukawa couplings,
arise. Now, the 3 × 3 sub-block of the light fermions
is in general not diagonal in the same basis as MfLij
and mfLij . In order to avoid tree-level flavour changing
neutral currents (FCNCs) in the down quark sector, we
assume the down Yukawa coupling to be aligned with
mqL and MqL, i.e. diagonal in the same basis. In the
left-handed up-quark sector, tree-level FCNCs are then
unavoidable, but are determined and suppressed by the
small off-diagonal elements of the Cabibbo-Kobayashi-
Maskawa (CKM) matrix.
With these assumptions, the couplings of KK gauge
bosons to fermions are given by
LVff = if¯iγµ
(
gV ∗L Γ
V L
fifjPL + g
V ∗
R Γ
V R
fifjPR
)
fjV
µ . (6)
Here, V = g, W±, W 3, B−L, LQ with the cou-
pling gV ∗L,R = θg
V
SM being enhanced by the RS volume
θ =
√
kpiR ∼ 6 with respect to the elementary gauge
coupling of the gauge boson VSM . For the LQ and the
B-L gauge boson gLQ∗L = θ
gs√
2
and gB−L∗L = θ
√
3
2
√
2
gs, re-
spectively. The couplings of the KK modes of SU(2)R to
the SM fermions are small.
The relevant matrices in flavour space ΓL,Vij read:
ΓV
0,L
didj
=
 0 0 00 sq22 0
0 0 sq23

ij
(7)
3ΓV
0,L
uiuj = V
CKM
ik
 0 0 00 sq22 0
0 0 sq23

kl
V
CKM∗
jl (8)
ΓLQ,Ldi`j =
 0 0 00 sq2s`2c` sq2s`2s`
0 −sq3s`3s` sq3s`3c`

ij
, (9)
ΓW,Luidj = V
CKM
ik
 0 0 00 sq22 0
0 0 sq23

kj
, (10)
ΓV,L`i`j =
 0 0 00 s`22 c2` + s`23 s2` (s`22 − s`23 )s`c`
0
(
s`22 − s`23
)
s`c` s
`2
3 c
2
` + s
`2
2 s
2
`

ij
(11)
Here we neglected flavour mixing with the first gener-
ation and dropped the flavour-universal θ2-suppressed
terms [35]. In this limit ΓR,Vij = 0. V
CKM denotes the
CKM matrix, V 0 stands for the electrically neutral gauge
bosons and s` parametrizes the misalignment in flaovur
space between m`L, M `L and the lepton Yukawa cou-
pling in the 2-3 sector. Using Eqs. (7)-(11) one can see
that under our assumptions no effects in KL → µe or
K → piµe are generated.
III. OBSERVABLES
A. R(D) and R(D∗)
We define the effective Hamiltonian for b → c`ν tran-
sitions as
H
`fνi
eff =
4GF√
2
VcbC
fi
L [c¯γ
µPLb]
[
¯`
fγµPLνi
]
, (12)
where in the SM CfiL = δfi and the contribution of our
model is given by
CfiL =
√
2
4GFVcb
κ∗3fV2kκki
M2
+ θΓW,L`f `i
m2W
M2
. (13)
Here the first term originates from the LQ, with κij =
θ gs√
2
ΓLQ,Ldi`j , while the second term is due to the KK mode
of the W±. Thus we find
R(X)/R(X)SM = |1 + C33L |2 +
2∑
i=1
|C3iL |2 , (14)
with X = D,D∗, J/Ψ.
This has to be compared to the experimental measure-
ments of R(D), R(D∗) and R(J/Ψ) [3]. A global fit as-
suming new physics (NP) in CL only gives [36]
CNPL = 0.131± 0.033 . (15)
B. b→ s`+`− transitions
Using the effective Hamiltonian
H
`f `i
eff = −
4GF√
2
VtbV
∗
ts
∑
a=9,10
Cfia O
fi
a ,
Ofi9(10) =
α
4pi
[s¯γµPLb] [¯`fγµ(γ
5)`i] , (16)
we have
Cfi9 = −Cfi10 =
−√2
2GFVtbV ∗ts
pi
α
κ2iκ
∗
3f
M2
. (17)
The allowed 2σ range is given by [1]
− 0.37 ≥ C229 = −C2210 ≥ −0.88 . (18)
Concerning lepton flavour violating B decays, we use
the results of Ref. [37] for the analysis of B → K(∗)τµ.
The only experimental limit for µτ final states is [38]
Br [B → Kτµ]EXP ≤ 4.8× 10−5 , (19)
at 90% confidence level, and the corresponding prediction
for our case of C9 = −C10 reads
Br [B → Kτµ] = 1.96× 10−8
(∣∣C239 ∣∣2 + ∣∣C329 ∣∣2) . (20)
C. D − D¯ mixing
D0 − D¯0 mixing receives tree level contributions from
the KK modes of the gluon, the B − L gauge boson and
the W 3. The resulting NP contribution to the effective
Hamiltonian Heff = CLQ1 + h.c. is
CL =
θ2
(
3
4g
2
s +
1
2g
2
2
)
4M2
(
VcsV
∗
uss
q2
2 + VcbV
∗
ubs
q2
3
)2
, (21)
with Q1 = (c¯γ
µPLu)(c¯γµPLu). We have for the matrix
element
MD12 =
1
3
mDf
2
DB
D
1 (µ)ηD(µ)CL , (22)
with BD1 (3 GeV) ≈ 0.76 [39], ηD(3GeV) = 0.77 [40, 41]
and fD ≈ (0.212) GeV [42, 43]. Using the HFLAV re-
sults of CKM 2016 [2], the imaginary part of the matrix
element should satisfy
|Im[MD12]| < 2× 10−16 GeV . (23)
D. τ → 3µ
The neutral B-L and W 3 KK gauge bosons mediate the
decay τ → 3µ. Using the results of [37] and neglecting
contributions suppressed by gY /θ, we find
Br [τ → 3µ] = m
5
τττ
768pi3
1
M4
∣∣∣∣∣∣
W 3,B−L∑
V
gV ∗2L Γ
V L
`2`3Γ
V L
`2`2
∣∣∣∣∣∣
2
. (24)
4Here ττ is the tau lifetime. This result has to be
compared to the current experimental bound of 1.2 ×
10−8 [44].
E. Bs −Bs mixing
Due to the assumed flavour alignment in the left-
handed down-quark sector, our model does not only for-
bid tree level contributions to Bs − Bs mixing, but also
makes the one-loop contributions to Bs−Bs mixing finite
(even in unitary gauge) due to a suppression mechanism
similar to the Glashow-Iliopoulos-Maiani (GIM) one. In
addition, flavour violation solely originates from Yukawa
couplings. Thus, the effect is very efficiently suppressed
by 1/M4.
F. Direct LHC searches
The most stringent constraints on the KK mass scale
stem from direct LHC searches for resonances decaying
to tt¯, dijet or τ τ¯ . tt¯ resonance searches constrain the
RS KK gluon mass to be above 3.3 TeV in the case of
bulk fermions and flavor anarchy [45]. In our setup, how-
ever, the branching ratio into tt¯ final states is significantly
smaller than in the flavour-anarchic scenario, so that we
can conservatively lower the mass scale of the lightest
resonances to M = 3.0 TeV. Due to the reduced branch-
ing ratio into tt¯, the dijet final state is relevant in our
setup. The most recent CMS constraint on heavy dijet
resonances [46] is nonetheless still weaker than the afore-
mentioned tt¯ constraint. Both the B-L gauge boson and
the W 3 KK mode contribute to the τ τ¯ final state. Com-
paring the Z ′ of the sequential SM, for which [47] finds
MZ′ > 2.42 TeV, with our model, we find that the larger
branching ratio into the τ τ¯ final state is counteracted
by a significantly reduced production cross section: first
generation quarks do not couple to the B-L gauge boson,
and their coupling to the W 3 KK mode is suppressed by
1/θ. The tt¯ resonance constraint of ≈ 3 TeV is hence the
strongest limit on the KK mass scale M .
IV. PHENOMENOLOGY
Since we aim at getting a large effect in b→ cτν tran-
sitions, a large compositeness of the third generation is
required. In addition, M should not be too large and
we therefore use a mass of 3 TeV. In order to get a size-
able effect in b → sµ+µ−, while not violating the up-
per limit on the τ → 3µ branching ratio, moderate val-
ues of s`2 are preferred. In the left plot of Fig. 1 we
therefore show the allowed regions in the sq2-s` plane for
s`2 = 0.2, s
`
3 = 1/
√
2 and sq3 =
√
3/2. At this benchmark
point R(X)/R(X)SM ≈ 1.07. Due to the small coupling
to muons (compared to the one to taus) NP effects in
b → cµν are found below the permille level and there-
fore consistent with current data [48]. One can see that
b → sµ+µ− can be explained at the 1σ level without
violating bounds from D − D¯ mixing or τ → 3µ.
In the right plot of Fig. 1 we show the correlations be-
tween R(X)/R(X)SM and b → sµ+µ− by scanning over
sq3, s
q
2, s
`
3, s
`
2 and s`. Only the parameter points consis-
tent with all experimental bounds are shown. We see that
in general a large effect in b → sµ+µ− limits the size of
the possible effect in R(X)/R(X)SM and vice versa. Fur-
thermore, the solution of the b→ sµ+µ− anomaly in our
model predicts a large branching ratio for τ → 3µ within
the reach of Belle II.
Due to the constraints from D0 − D¯0 mixing and
τ → 3µ, we do not obtain sizeable effects neither in
b → sτ+µ− nor τ → φµ [15], nor in b → sτ+τ− transi-
tions as recently examined in Ref. [49].
V. CONCLUSIONS AND OUTLOOK
In this article we considered a PS model embedded in
the RS space-time in which the symmetry is broken down
to the SM one by boundary conditions on the endpoints
of the extra dimension. While in previous models based
on the PS symmetry the effect in b→ cτν was only gen-
erated by the vector-leptoquark (VLQ), we have as well
a W ′ contribution which enhances in our setup the total
NP effect in b→ cτν processes by roughly 80%. Still, we
find that one cannot fully account for b→ cτν data due
to the stringent constraints from D−D¯ mixing. However,
an O(5%) effect in R(X)/R(X)SM is possible. Further-
more, the model can naturally explain the anomaly in
b→ sµ+µ− transitions including the hints for the viola-
tion of lepton flavour universality from R(K) and R(K∗).
In addition, our model predicts small effect in b → sτµ
and b → sττ transitions, while the effect in τ → 3µ is
sizable and also the CP violation in the D− D¯ system is
close to the current experimental values.
Compared to previous approaches of explaining the
flavour anomalies, our model has several advantages.
First of all, on the theoretical side, the existence of a
massive VLQ and vector-like fermions of the same mass
scale follows from the very simple assumption that the
PS symmetry is broken on an extra dimension. On the
phenomenological side, our model has suppressed cou-
plings of the new particles to light fermions (contrary
to Ref. [29]) and is therefore quite safe concerning LHC
searches. Furthermore, since we have in addition to the
VLQ a W ′ boson which interferes in b → cτν processes
constructively, we can get an effect which is around 80%
larger compared to the pure VLQ case [21, 22] while still
respecting the bounds from D − D¯ mixing.
In our minimal setup we assumed right-handed
fermions and the Higgs to be elementary. Giving up these
assumptions, one obtains an even richer phenomenology,
and also an explanation of the tensions in the anomalous
magnetic moment of the muon [50, 51] and/or in ε′/ε [52]
5FIG. 1: Left: Allowed regions from b→ sµ+µ− (red) and the exclusion limits from D− D¯ mixing (blue) and τ → 3µ (gray) for
M = 3 TeV, s`2 = 0.2, s
`
3 = 1/
√
2 and sq3 =
√
3/2. With these values, R(X)/R(X)SM ≈ 1.07 (with X = D,D∗, J/Ψ). We see
that b → sµ+µ− can be explained at the 1σ level without violating the bounds from other observables. Right: Correlations
between R(X)/R(X)SM and b→ sµ+µ− for M = 3 TeV. Here we scanned over 0.3 < sq3 <
√
3/2, 0 < sq2 < 0.2, 0.3 < s
`
3 <
√
3/2,
0 < s`2 < 0.2 and 0 < s` < 0.3. Only the parameter points consistent with D − D¯ mixing are shown. As we can see, the
predicted branching ratio for τ → 3µ is large and very well within the reach of Belle II.
could become possible.
Acknowledgments — M.B. thanks PSI for the warm hos-
pitality during her visits leading to this publication. The work
of A.C. is supported by an Ambizione Grant of the Swiss Na-
tional Science Foundation (PZ00P2 154834).
[1] B. Capdevila, A. Crivellin, S. Descotes-Genon, J. Matias,
and J. Virto (2017), 1704.05340.
[2] Y. Amhis et al. (2016), 1612.07233.
[3] R. Aaij et al. (LHCb) (2017), 1711.05623.
[4] B. Bhattacharya, A. Datta, D. London, and S. Shiv-
ashankara, Phys. Lett. B742, 370 (2015), 1412.7164.
[5] R. Alonso, B. Grinstein, and J. M. Camalich (2015),
1505.05164.
[6] L. Calibbi, A. Crivellin, and T. Ota, Phys. Rev. Lett.
115, 181801 (2015), 1506.02661.
[7] S. Fajfer and N. Kosˇnik, Phys. Lett. B755, 270 (2016),
1511.06024.
[8] A. Greljo, G. Isidori, and D. Marzocca, JHEP 07, 142
(2015), 1506.01705.
[9] R. Barbieri, G. Isidori, A. Pattori, and F. Senia, Eur.
Phys. J. C76, 67 (2016), 1512.01560.
[10] M. Bauer and M. Neubert, Phys. Rev. Lett. 116, 141802
(2016), 1511.01900.
[11] S. M. Boucenna, A. Celis, J. Fuentes-Martin, A. Vicente,
and J. Virto, JHEP 12, 059 (2016), 1608.01349.
[12] D. Das, C. Hati, G. Kumar, and N. Mahajan, Phys. Rev.
D94, 055034 (2016), 1605.06313.
[13] D. Becˇirevic´, S. Fajfer, N. Kosˇnik, and O. Sumensari,
Phys. Rev. D94, 115021 (2016), 1608.08501.
[14] S. Sahoo, R. Mohanta, and A. K. Giri, Phys. Rev. D95,
035027 (2017), 1609.04367.
[15] B. Bhattacharya, A. Datta, J.-P. Guevin, D. London, and
R. Watanabe, JHEP 01, 015 (2017), 1609.09078.
[16] R. Barbieri, C. W. Murphy, and F. Senia, Eur. Phys. J.
C77, 8 (2017), 1611.04930.
[17] A. Crivellin, D. Mu¨ller, and T. Ota, JHEP 09, 040
(2017), 1703.09226.
[18] C.-H. Chen, T. Nomura, and H. Okada (2017),
1703.03251.
[19] I. Dorsˇner, S. Fajfer, D. A. Faroughy, and N. Kosˇnik
(2017), 1706.07779.
[20] D. Buttazzo, A. Greljo, G. Isidori, and D. Marzocca,
JHEP 11, 044 (2017), 1706.07808.
[21] L. Di Luzio, A. Greljo, and M. Nardecchia (2017),
1708.08450.
[22] M. Bordone, C. Cornella, J. Fuentes-Martin, and
G. Isidori (2017), 1712.01368.
[23] R. Barbieri and A. Tesi (2017), 1712.06844.
[24] N. Assad, B. Fornal, and B. Grinstein, Phys. Lett. B777,
6324 (2018), 1708.06350.
[25] D. A. Faroughy, A. Greljo, and J. Kamenik, Phys. Lett.
B764, 126 (2017), 1609.07138.
[26] F. Feruglio, P. Paradisi, and A. Pattori, Phys. Rev. Lett.
118, 011801 (2017), 1606.00524.
[27] F. Feruglio, P. Paradisi, and A. Pattori, JHEP 09, 061
(2017), 1705.00929.
[28] J. C. Pati and A. Salam, Phys. Rev. D10, 275 (1974),
[Erratum: Phys. Rev.D11,703(1975)].
[29] L. Calibbi, A. Crivellin, and T. Li (2017), 1709.00692.
[30] P. Q. Hung, A. J. Buras, and J. D. Bjorken, Phys. Rev.
D25, 805 (1982).
[31] G. Valencia and S. Willenbrock, Phys. Rev. D50, 6843
(1994), hep-ph/9409201.
[32] L. Randall and R. Sundrum, Phys. Rev. Lett. 83, 3370
(1999), hep-ph/9905221.
[33] Y. Grossman and M. Neubert, Phys. Lett. B474, 361
(2000), hep-ph/9912408.
[34] J. M. Maldacena, Int. J. Theor. Phys. 38, 1113 (1999),
[Adv. Theor. Math. Phys.2,231(1998)], hep-th/9711200.
[35] R. Contino, T. Kramer, M. Son, and R. Sundrum, JHEP
05, 074 (2007), hep-ph/0612180.
[36] A. K. Alok, D. Kumar, J. Kumar, S. Kumbhakar, and
S. U. Sankar (2017), 1710.04127.
[37] A. Crivellin, L. Hofer, J. Matias, U. Nierste, S. Pokorski,
et al. (2015), 1504.07928.
[38] J. P. Lees et al. (BaBar), Phys. Rev. D86, 012004 (2012),
1204.2852.
[39] L. Riggio and G. Salerno, PoS CHARM2016, 021
(2016), 1702.00310.
[40] M. Ciuchini, E. Franco, V. Lubicz, G. Martinelli,
I. Scimemi, and L. Silvestrini, Nucl. Phys. B523, 501
(1998), hep-ph/9711402.
[41] A. J. Buras, M. Misiak, and J. Urban, Nucl. Phys. B586,
397 (2000), hep-ph/0005183.
[42] A. Bazavov et al. (Fermilab Lattice, MILC), Phys. Rev.
D90, 074509 (2014), 1407.3772.
[43] N. Carrasco et al., Phys. Rev. D91, 054507 (2015),
1411.7908.
[44] Y. Amhis et al. (Heavy Flavor Averaging Group (HFAG))
(2014), 1412.7515.
[45] A. M. Sirunyan et al. (CMS), JHEP 07, 001 (2017),
1704.03366.
[46] Tech. Rep. CMS-PAS-EXO-16-056, CERN, Geneva
(2017), URL http://cds.cern.ch/record/2256873.
[47] M. Aaboud et al. (ATLAS) (2017), 1709.07242.
[48] M. Jung and D. M. Straub (2018), 1801.01112.
[49] B. Capdevila, A. Crivellin, S. Descotes-Genon, L. Hofer,
and J. Matias (2017), 1712.01919.
[50] E. Coluccio Leskow, A. Crivellin, G. D’Ambrosio, and
D. Mueller (2016), 1612.06858.
[51] A. Crivellin, D. Mueller, A. Signer, and Y. Ulrich (2017),
1706.08511.
[52] C. Bobeth and A. J. Buras (2017), 1712.01295.
[53] W. Altmannshofer, P. Stangl, and D. M. Straub, Phys.
Rev. D96, 055008 (2017), 1704.05435.
[54] G. D’Amico, M. Nardecchia, P. Panci, F. Sannino,
A. Strumia, R. Torre, and A. Urbano, JHEP 09, 010
(2017), 1704.05438.
[55] L.-S. Geng, B. Grinstein, S. Ja¨ger, J. Martin Camalich,
X.-L. Ren, and R.-X. Shi, Phys. Rev. D96, 093006
(2017), 1704.05446.
[56] M. Ciuchini, A. M. Coutinho, M. Fedele, E. Franco,
A. Paul, L. Silvestrini, and M. Valli, Eur. Phys. J. C77,
688 (2017), 1704.05447.
[57] G. Hiller and I. Nisandzic, Phys. Rev. D96, 035003
(2017), 1704.05444.
[58] T. Hurth, F. Mahmoudi, D. Martinez Santos, and S. Ne-
shatpour, Phys. Rev. D96, 095034 (2017), 1705.06274.
[59] C. Niehoff, P. Stangl, and D. M. Straub, Phys. Lett.
B747, 182 (2015), 1503.03865.
[60] A. Carmona and F. Goertz, Phys. Rev. Lett. 116, 251801
(2016), 1510.07658.
[61] E. Megias, G. Panico, O. Pujolas, and M. Quiros, JHEP
09, 118 (2016), 1608.02362.
[62] E. Megias, M. Quiros, and L. Salas, JHEP 07, 102 (2017),
1703.06019.
[63] A. Carmona and F. Goertz (2017), 1712.02536.
[64] F. Sannino, P. Stangl, D. M. Straub, and A. E. Thomsen
(2017), 1712.07646.
[65] G. D’Ambrosio and A. M. Iyer (2017), 1712.08122.
[66] K. Agashe, G. Perez, and A. Soni, Phys. Rev. D71,
016002 (2005), hep-ph/0408134.
[67] C. Csaki, A. Falkowski, and A. Weiler, JHEP 09, 008
(2008), 0804.1954.
[68] M. Blanke, A. J. Buras, B. Duling, S. Gori, and A. Weiler,
JHEP 03, 001 (2009), 0809.1073.
[69] M. Blanke, A. J. Buras, B. Duling, K. Gemmler, and
S. Gori, JHEP 03, 108 (2009), 0812.3803.
[70] M. Bauer, S. Casagrande, U. Haisch, and M. Neubert,
JHEP 09, 017 (2010), 0912.1625.
[71] Including only R(K) and R(K∗) the significance is at the
4σ level [53–58].
[72] The B physics anomalies have been considered in the
context of ordinary composite Higgs or extra dimension
models in Refs. [59–65]. For general flavor analyses of
conventional RS models, see Refs. [66–70].
[73] We thank Csaba Csa´ki for reminding us of this possibility.
[74] This is motivated by the fact that in order to explain
the anomalies no couplings to electrons are required and
that once couplings to electrons are present, there arise
stringent bounds from µ→ eγ and µ→ 3e.
